We present high-resolution 345 GHz interferometric observations of two extreme luminous (L IR > ∼ 10 13 L ⊙ ), submillimetre-selected galaxies (SMGs) in the COSMOS field with the Submillimeter Array (SMA). Both targets were previously detected as unresolved pointsources by the SMA in its compact configuration, also at 345 GHz. These new data, which provide a factor of > ∼ 3 improvement in resolution, allow us to measure the physical scale of the far-infrared in the submillimetre directly. The visibility functions of both targets show significant evidence for structure on ∼ 0.5 − 1 arcsec scales, which at z > ∼ 1.5 translates into a physical scale of ∼ 5 − 8 kpc. Our results are consistent with the angular and physical scales of two comparably luminous objects with high-resolution SMA followup, as well as radio continuum and CO sizes. These relatively compact sizes ( < ∼ 5 − 10 kpc) argue strongly for merger-driven starbursts, rather than extended gas-rich disks, as the preferred channel for forming SMGs. For the most luminous objects, the derived sizes may also have important physical consequences; under a series of simplifying assumptions, we find that these two objects in particular are forming stars close to or at the Eddington limit for a starburst.
INTRODUCTION
In recent years, it has become increasingly clear that the most infrared(IR)-luminous galaxies pay an important role in the star formation history of the Universe. Though they provide only a trivial contribution in the local Universe, both theory (Hopkins et al. 2010b; Hopkins & Hernquist 2010) and observations (Le Floc'h et al. 2005; Pérez-González et al. 2005; Magnelli et al. 2009; Goto et al. 2010) have shown that by z > ∼ 1 the total IR luminosity density is dominated by luminous (10 11 < LIR/L⊙ < 10 12 ; LIRGs), and at higher redshifts by ultralumious systems (LIR > 10 12 L⊙ ULIRGs). Thus detailed study of these populations, and the processes driving their tremendous radiative output is critical to a thorough understanding of galaxy formation more generally.
Submillimetre-selected galaxies (SMGs), discovered in the first deep cosmological surveys at 850µm (Smail et al. 1997 ; Hughes et al. 1998; Barger et al. 1998 ) by the Submillimetre Common User Bolometer Array (SCUBA: Holland et al. 1999) , represent some of the most extreme objects in the high-redshift Universe (for a review, see Blain et al. 2002) . Owing to a strong negative kcorrection, the selection function at ≈ 800 − 1000µm is flat from z ∼ 1 − 10, and therefore provdes an unbiased view of star formation out to very high redshift (Blain & Longair 1993) . Though their bolometric energy output rivals that of luminous quasars, SMGs are several orders of magnitude more numerous at comparable redshifts (z ∼ 2.5; Chapman et al. 2005) . At the same time, these two extreme populations are thought to be connected via an evolutionary sequence (Hopkins et al. 2010b; Narayanan et al. 2010 Narayanan et al. , 2009a driving the formation of the most massive galaxies (Scott et al. 2002; Blain et al. 2004 ; Swinbank et al. 2006 Swinbank et al. , 2008 Viero et al. 2009 ). Thus, in the context of a merger-driven cosmic cycle (e.g., Sanders et al. 1988 ; Hopkins et al. 2006 Hopkins et al. , 2008b , SMGs represent the transition objects between star formation and AGN-dominated systems, and as such a compelling laboratory for testing models of galaxy formation and evolution in the most extreme environments.
While their bolometric luminosity is thought to be primarily powered by star formation (Alexander et al. 2005b (Alexander et al. ,a, 2008 Valiante et al. 2007; Menéndez-Delmestre et al. 2007 Pope et al. 2008; Momjian et al. 2010; Serjeant et al. 2010) , SMGs could in principle represent one of two very different channels: a steady-state mode wherein large and extended (e.g., Kaviani et al. 2003; Efstathiou & Rowan-Robinson 2003) reservoirs of gas in disk galaxies fueled largely by cosmological gas accretion (e.g., Kereš et al. 2005 Kereš et al. , 2009b Davé et al. 2009) 1 yields a very high steady-state star formation rate, or interaction-driven events wherein close passages and/or mergers induce strong bars that centrally concentrate the gas supply (Barnes & Hernquist 1996; Hopkins et al. 2009 ), leading to a brief and intense burst of nuclear star formation (see also Hernquist 1989; Barnes & Hernquist 1991; Mihos & Hernquist 1994 Cox et al. 2008; Di Matteo et al. 2008) . These two modes can be distinguished by the size of the star-forming region, with steady-state disks extending over tens of parsecs (R ≈ 28(Sν /10 mJy) 1/2 kpc at z = 2: Kaviani et al. 2003 ) versus interaction-driven bursts which are much more concentrated. There is no a-priori reason to favor either scenario, and indeed both very gas-rich disks (e.g., Erb et al. 2006; Daddi et al. 2009c; Tacconi et al. 2010 ) and merger-driven, IR-luminous starbursts (e.g., Tacconi et al. 2008; Walter et al. 2009 ) have been observed in the high-redshift Universe.
To date, observational estimates of the physical scale of star forming regions in SMGs prefer the interaction-driven scenario. However, the majority of detections are in the radio, where by leveraging the remarkably tight far-IR radio correlation -in which the total rest-frame 20cm luminosity provides a proxy for the total star formation rate among star-forming systems in the local Unvierse (Condon 1992; Yun et al. 2001; Thompson et al. 2006; , Biggs & Ivison (2008) , and Momjian et al. (2010) inferred typical physical sizes of 5-10 kpc for SMGs. At the same time, CO imaging (Neri et al. 2003; Greve et al. 2005; Tacconi et al. 2006 Tacconi et al. , 2008 Daddi et al. 2009b,a; Bothwell et al. 2010) tends to yield comparable sizes. However, each of these techniques has its shortcomings: the spatially resolved far-IR/radio correlation is still not well understood (see e.g., Hippelein et al. 2003; Murphy 2006; Tabatabaei et al. 2007) , and imaging redshifted CO emission in rotational lines with excitation requirements higher than the J = 1 → 0 transition may substantially underestimate the starburst scale (Narayanan et al. 2008; Ivison et al. 2009a) .
Therefore, it is preferable to measure the starburst scale in the far-IR directly. However, the beam sizes characteristic of single-dish instruments are often nearly an order of magnitude too large to probe the relevant spatial scales. And, owing to technical constraints, even interferometric imaging is typically too coarse. In fact, to date virtually all SMGs with interferometric followup are compact relative to the beam (≈ 2-3 arcsec FWHM; Dannerbauer et al. 2004 Dannerbauer et al. , 2008 Iono et al. 2006; Wang et al. 2007; Younger et al. 2007 Younger et al. , 2008a Younger et al. , 2009b Cowie et al. 2009 ). Recently, Younger et al. (2008b) imaged two of the brightest SMGs known Figure 1 . The u − v coverage for our high resolution interferometric imaging of AzTEC4 and AzTEC8 for both the compact (COM: black), and extended (EXT: red) configuration. For further details, including weather conditions and on-source integration times, see Table 1. with the Submillimetre Array (SMA: Ho et al. 2004 ) in its most extended configurations -the highest resolution submillimetre imaging of high-redshift starbursts achieved to date -and found that their far-IR emission was extended on ∼few× kpc scales. Such extremely bright objects were particularly interesting because at these size scales and luminosities the implied energetics start to run up against physical limits on the star formation rate imposed by the dynamical time of the gas (Elmegreen 1999) or the effects of radiation pressure on the dust Murray et al. 2005; Murray 2009; Hopkins et al. 2010a) .
In this work, we present similar observations of two other exceptionally bright, and therefore luminous objects in a 1.1mm blank-field survey of the COSMOS Field (Scott et al. 2008) performed with the AzTEC camera (Wilson et al. 2008 ): AzTEC4 and AzTEC8. In both cases, high-resolution follow-up observations provide a measurement (rather than an upper limit) on the scale of the far-IR emission, and therefore the starburst itself. This paper is organized as follows: in § 2 we summarize the observations and data reduction, in § 3 we present the results, in § 4 we discuss the implications, and in § 5 we conclude. Throughout this work, we assume the 7-year WMAP cosmological model Komatsu et al. (2010) , though any set of cosmological parameters within reason will not qualitatively change the interpretation of these results.
OBSERVATIONS AND DATA REDUCTION
The two targets -AzTEC4 and AzTEC8 -were selected from the SMA/AzTEC interferometric survey (Younger et al. 2007 (Younger et al. , 2009b of bright sources in the AzTEC 1.1mm (270 GHz) survey of the COSMOS field (Scott et al. 2008) . They were first identified in the AzTEC map with deboosted flux densities of 5.2 mJy, and were later detected by the SMA in its compact (COM) configuration at 870µm (345 GHz) with flux densities of 14.4±1.9 and 19.7 ± 1.8 mJy (assuming a point-source model). We then targeted both sources with the SMA in its extended (EXT) configuration with a goal of measuring the source size. The observing conditions for and an overview of all available data for the two targets are summarized in Table 1 , and the u − v coverage presented in Figure 1 .
A detailed description of the calibration strategy for the COM configuration tracks are provided in Younger et al. (2007) and Younger et al. (2009b) for AzTEC4 and AzTEC8 respectively. For the EXT tracks presented in this work, the receiver was tuned to 340 GHz in the LSB, and averaged with the USB for an effective bandwidth of 4 GHz centred at 345 GHz. Passband calibration was performed using 3C84 (Bennett 1962) , and primary flux calibration was done using either Ceres (on 16 and 23 Feb 2009) or Titan (on 22 Feb 2009). The target was observed on a 10 minute cycle with two primary gain calibrators: 1058+015 (∼ 2 Jy; 15 degrees away) and 0854+201 (∼ 6 Jy; 24 degrees away). Because Ceres is known to be variable at the ∼ 20 − 30% level due to rotation (Altenhoff et al. 1994; Redman et al. 1998; Barrera-Pineda et al. 2005) , we confirm this flux scale by checking that the flux density for 0854+201 derived using Ceres as the primary flux calibrator (6.0 ± 0.3 and 5.7 ± 0.3 Jy) were consistent with those using Titan (5.7 ± 0.3 Jy).
In addition to the two primary targets, we observed a nearby test quasar -J1008+063 (∼ 0.2 Jy) which was 5 degrees away from the targets -once every 60 minutes throughout the track to empirically verify the phase transfer and inferred source structure, and estimate the systematic positional uncertainty. This source is included in both the JVAS (Patnaik et al. 1992; Browne et al. 1998) and VLBA Calibrator (Ma et al. 1998; Beasley et al. 2002) surveys of compact, flat-spectrum radio sources, has an absolute position known to better than 20 mas, and was confirmed to be compact at 345 GHz by Younger et al. (2008b) .
We also make use of extensive multiwavelength data in the COSMOS Field (see Scoville et al. 2007 , for an overview) 2 including: Subaru ground based optical and near-IR (Taniguchi et al. 2007) , HST/ACS i-band (Koekemoer et al. 2007) , IRAC 3.6-8µm and MIPS 24µm (Sanders et al. 2007 ), VLA 20cm (Schinnerer et al. 2007) , and Chandra X-ray (Elvis et al. 2009; Puccetti et al. 2009 ) imaging.
RESULTS
Imaging and model fitting for the calibrated visibility data was performed using the MIRIAD software package (Sault et al. 1995) . We utilize a natural weighting scheme, yielding dirty maps for the EXT tracks that had r.m.s. noise levels of 1.6 and 1.8 mJy/beam for AzTEC4 and AzTEC8 respectively. The peak flux density in each map was spatially consistent with detections in earlier COM tracks and highly statistically significant: for AzTEC4 the peak was 8.0 mJy/beam (S/N∼5), and for AzTEC8 it was 12.8 mJy/beam (S/N∼7).
Postage stamps of these maps, along with contours overlaid Binned and vector-averaged real visibility amplitudes as a function of u − v distance for the target (top row) and test quasar (bottom row). The targets -AzTEC4 (left) and AzTEC8 (right) -and the calibration strategy are discussed in § 2. For the targets we include all available data, including both COM and EXT tracks, details of which are provided in Table 1 and the u − v coverage presented in Figure 1 ; for the test quasars we only include the EXT data. For comparison, we provide a series of symmetric Gaussian source models with FWHM sizes of (left to right) 10, 5, 2, 1, 0.5 arcsec. The flat solid and dotted lines indicate a point-source fit (including only the COM data for the targets, and only the EXT data for the test quasars) and the associated statistical uncertainty. We find that both AzTEC4 and AzTEC8 show clear evidence of structure on ≈ 0.5 − 1 arcsec scales, and the test quasars confirm the phase transfer. on optical, near-IR, and radio data are shown in Figure 2 . Neither source has a statistically significant detection in the optical or near-IR, though there is a marginal ≈ 23.3 mag K-band detection associated with AzTEC4. In the radio, as expected there is no emission coincident with AzTEC4 (as in Younger et al. 2007 ) and the centroid of AzTEC8 is consistent with that of an 89 ± 11 µJy source -as in the COM data (which has a comparable noise level; Younger et al. 2009b ) the nearby secondary radio counterpart of AzTEC8 is not detected in the EXT image.
We then combined the new EXT with existing COM data and inspected the visibility function for each target (see the top panel of Figure 3 ). When binned by u−v distance and vector-averaged, both AzTEC4 and AzTEC8 show significance evidence for structure at > ∼ 100 kλ, which corresponds to angular scales of < ∼ 0.6 arcsec. This is consistent with the images, which exhibits lower peaks in the higher resolution maps: for AzTEC4 the peak flux density in COM 13.2 ± 1.7 mJy/beam versus 8.0 ± 1.8 mJy/beam in EXT, and for AzTEC8 the peaks are 19.7 ± 1.8 mJy/beam in COM and 12.8 ± 1.8 mJy/beam in EXT. In both cases, the test quasar empirically confirms that this structure is real, and not the result of decorrelation on the longest baselines (see bottom panels of Figure 3) .
We then fit the calibrated visibility data to one of two simple models -a 2-dimensional Gaussian or an elliptical disk -the results of which are presented in Table 2 . The best-fit parameters for both sources show structure on ≈ 0.5 − 1 arcsec scales at > ∼ 2σ confidence. We also confirm that this size measurement is not artificially imposed by differing flux scales between the COM and EXT data by fitting the same source model to each set of calibrated visibilities independently: when we assume e.g. an elliptical Gaussian we find total flux densities (for AzTEC4 and AzTEC8 respectively, and including an estimate of the systematic uncertainty in the flux scale 3 ) of 14.1 ± 2.5stat ± 0.8sys and 17.9 ± 3.7stat ± 0.9sys mJy for the COM data, and 9.2 ± 3.1stat ± 0.5sys and 21.0 ± 4.8stat ± 1.0sys mJy for the EXT data; that these are consistent between configurations to within the statistical and systematic uncertainties indicates that the size measurements listed in Table 2 are robust.
DISCUSSION

The physical scale of the far-infrared
These angular scales are qualitatively consistent with size measurements derived from previous high-resolution far-IR imaging (Younger et al. 2008b) , as well as other wavelengths including radio continuum Biggs & Ivison 2008; Momjian et al. 2010) and CO (Neri et al. 2003; Tacconi et al. 2006 Tacconi et al. , 2008 imaging. In our view, imaging in the far-IR directly is the most robust of these methods because it directly probes the obscured starburst; though the galaxy-wide far-IR/radio correlation is thought to apply -at least in an qualitative sense -at redshifts typical of SMGs (Garrett 2002; Gruppioni et al. 2003; Appleton et al. 2004; Boyle et al. 2007; Younger et al. 2009a; Ivison et al. 2009b; Murphy 2009 ), the spatially resolved correlation is not particularly well understood (Hippelein et al. 2003; Murphy 2006; Tabatabaei et al. 2007) , while CO imaging is largely restricted to excited states with higher critical densities than the bulk of the starforming gas, and therefore may be biased towards smaller sizes (Narayanan et al. 2008; Ivison et al. 2009a ). However, given the agreement between these three methods -now including twice as many objects with sizes measured in the far-IR directly -we have newfound confidence that the general conclusion that the most luminous SMGs have typical angular scales of ≈ 0.5 − 1 arcsec is robust.
To translate this into a physical size requires knowledge of the angular diameter distance. Fortunately, at 1.5 < ∼ z < ∼ 5 and assuming the 7-year WMAP ΛCDM cosmological model (Komatsu et al. 2010) , this quantity has a very weak scaling with redshift. In general, the physical size (ℓ) is approximately:
Therefore, existing size measurements for SMGs suggest a typical physical scale of ≈ 4 − 8 kpc at z ∼ 2 − 5. While there is clear evidence for > ∼ 20 kpc sizes among some SMGs (Ivison et al. 2009a) , the data presented in this work strongly argue against pure steadystate star formation fed by cosmological gas accretion (Kereš et al. 2005 (Kereš et al. , 2009b Davé et al. 2009 ) as the primary mechanism for producing SMGs, and rather favors the merger-driven scenario (Narayanan et al. 2010 (Narayanan et al. , 2009a in which interaction-driven starbursts give rise to these extreme objects. This in turn fits into a more general evolutionary picture in which SMGs are transition objects (Hopkins et al. 2010b ) between isolated, gas-rich spirals and luminous quasars, and the progenitors of passive, elliptical galaxies (e.g., Sanders et al. 1988; Hopkins et al. 2006 Hopkins et al. , 2008b . Furthermore, since these sizes are considerably larger than local ULIRGs (see review by Sanders & Mirabel 1996) , which themselves are powered primarily by major mergers (e.g., Scoville et al. 2000; Kim et al. 2002; Veilleux et al. 2002) , they are consistent with the canonical picture of SMGs as 'scaled up' ULIRGs.
Are the most luminous submillimetre galaxies Eddington-limited starbursts?
Size measurements are particularly interesting for the most luminous SMGs because their star formation is sufficiently rapid to run up against fundamental physical limitations. Owing to a strong negative k-correction in the submillimetre (Blain & Longair 1993; Blain et al. 2002) , we can infer the total infrared luminosity in an approximate sense by assuming an Arp 220 template, which for z > ∼ 1 yields LF IR /10 12 L⊙ ≈ 2 × [S870µm/mJy] (see also Neri et al. 2003; Younger et al. 2008a) . By further assuming a Salpeter (1955) IMF 4 , this can be converted into a star formation rate SFR ≈ 340 × [S870µm/mJy] M⊙ yr −1 . At the same time, Eddington-type arguments ) -under a series of simplifying assumptions such as a spherically symmetric geometry, an isothermal sphere density structure, a small volume filling factor for molecular gas, and again a Salpeter (1955) IMF -yield a maximum star formation rate of:
where σ is the line-of-sight gas velocity dispersion in units of 400 km s −1 , κ100 is the opacity in units of cm 2 g −1 (usually taken to be ≈ 1; Murray et al. 2005; Thompson et al. 2005) , and D kpc is the characteristic physical scale of the starburst -either the Gaussian FWHM or the elliptical disk diameter. Younger et al. (2008b) found that GN20 and AzTEC1 -two of the most luminous SMGs known -were potentially at or close to this Eddington limit. In this work, we measured sizes for two comparably luminous objects: taking the flux densities inferred from the EXT+COM data, the SFR ≈ 4400 M⊙ yr −1 and ≈ 6000 M⊙ yr −1 for AzTEC4 and AzTEC8 respectively. Both have characteristic sizes of ℓ ≈ 5 − 8 kpc -where the range represents uncertainty arising from a Gaussian versus disk source structureyielding a maximal star formation rate of SFRmax ≈ 3600 − 7200 M⊙ yr −1 . Therefore, both objects appear to be forming stars at or near the Eddington limit for a starburst. 4 As noted in Younger et al. (2008b) , The inferred luminosity is known to be uncertain by a factor of ∼ 2 − 3 due to variations in the dust temperature and emissivity Blain et al. (2003) . For example, if we assume a Mrk 231 template with significant AGN contribution to the farIR, the inferred farIR luminosity and SFR will be ≈ 40 − 60% lower (e.g., Stevens et al. 2005; Huang et al. 2007 ). Furthermore, using a Kroupa (2001) There are, however, a number of important caveats to consider:
1. Uncertainties in estimating the star formation rate: There are few observational constraints on the stellar IMF at highredshift and in extreme environments (e.g., Fardal et al. 2007; Davé 2008; van Dokkum 2008; Baugh et al. 2005; Swinbank et al. 2008; Tacconi et al. 2008 ) and the shape of the far-IR SED as a function of luminosity (e.g., Dale et al. 2001; Dale & Helou 2002; Chary & Elbaz 2001; Lagache et al. 2003) .
2. The volume filling factor of molecular gas: In the optically thick limit -in which the molecular gas has a volume filling factor near unity -the Eddington limit is an order of magnitude higher. A number of recent studies have found that this limit describes even local ULIRGs (Scoville et al. 1991; Downes et al. 1993; Downes & Solomon 1998; Solomon et al. 1997 ) and therefore we might expect it to apply well to the much more extreme environments in SMGs. This does, however, require a rather low effective dust temperature; in the optically thick limit, the brightness temperature at 345 GHz (TB) is equal to the physical temperature (T d ). While the sizes and flux densities of AzTEC4 and AzTEC8 require T d ≈ 5(1 + z) K (see Figure 5 and discussion in § 4 of Younger et al. 2008b ), which at z ∼ 2 − 4 is rather low compared to other SMGs for which T d has been measured independently via far-IR SED fitting (< T d >∼ 35 K for typical SMGs, and the most luminous objects may be preferentially hotter: Kovács et al. 2006; Coppin et al. 2008) , it is certainly not out of the question.
3. The depth of the potential well: The maximal star formation rate has a strong dependence on the gravitational potential, which enters as σ 2 400 . Dynamical masses measured via CO spectroscopy have found that, in the mean σ400 ≈ 1 for SMGs (Greve et al. 2005; Tacconi et al. 2006 ). However, merger-driven models for SMGs suggest that the brightest 850µm sources are also the most massive (Narayanan et al. 2010) , and therefore would likely have σ400 > ∼ 1.5 (for GN20, σ400 ≈ 1.4: Carilli et al. 2010) or so which could lead to significantly higher Eddington limits, even in the optically thin limit.
Generally speaking, however, we find that AzTEC4 and AzTEC8 are extended on physical scales comparable to the other two SMGs presented in Younger et al. (2008b) , and are potentially radiating at or close to the Eddington limit for a starburst.
Obscured AGN versus star formation
Though in general SMGs are thought to be star formation dominated (Alexander et al. 2005b (Alexander et al. ,a, 2008 Valiante et al. 2007; Menéndez-Delmestre et al. 2007 Pope et al. 2008; Momjian et al. 2010; Serjeant et al. 2010) , in principle they could contain a significant contribution from an obscured AGN. In fact, a preliminary analysis of recent very long baseline interferometry observations provides strong evidence that the radio continuum in at least some SMGs is powered primarily by an ultracompact AGN core (Biggs et al. 2009; . Clearly if this was the case for either AzTEC4 or AzTEC8 it would severely compromise their interpretation as extreme starbursts at or near their Eddington limit -the Eddington limit for a ∼ 10 9 M⊙ supermassive black is well in excess of 10 13 L⊙. Recent X-ray imaging of the COSMOS field (the C-COSMOS Survey: Elvis et al. 2009 ) provides some constraints on the AGN content of these objects; though starbursts also produce significant X-ray emission, a detection in the hard band (2 − 8 keV) would be strong evidence for the presence of a buried AGN -particularly at high-redshift. Therefore, we have examined the C-COSMOS Xray imaging data for AzTEC4 and AzTEC8. While AzTEC8 shows no evidence for a detection, AzTEC4 exhibits a tentative hard Xray source. A formal source extraction (as in Puccetti et al. 2009 ) yields net counts in the hard band of 5.5 ± 2.7 cts, which translates into a flux of FHX = 8.0 ± 3.9 erg cm −2 s −1 -a ∼ 2σ detection. If we assume the bolometric corrections of Hopkins et al. (2007) , this implies an AGN with bolometric luminosity L bol /10 11 L⊙ = 1.2 ± 0.5, 3.4 ± 1.4, and 7 ± 2.4 at z = 2, 3, and 4 respectively, which translates into MBH η edd /10 7 M⊙ = 0.4 ± 0.2, 1.0 ± 0.4, and 2.1 ± 0.8 where η edd is the Eddington ratio of the AGN (typically near unity during the peak of the starburst: Hopkins et al. 2005b,a) . While we cannot rule out significant X-ray absorption (Compton-thick in the case of non-detections), at these redshifts and energies the optical depths are unlikely to be extreme. Therefore, the X-ray data suggests that AGN do not contribute significantly to the IR luminosity of AzTEC4 or AzTEC8.
A multi-component source structure?
The visibility functions for AzTEC4 and AzTEC8 show clear evidence for structure on ≈ 0.5 − 1 arcsec scales (see Figure 3) , and fitting a model to the visibility data yields a statistically significant size measurement (see Table 2 ). However, these observations are not sufficiently high-resolution, nor do they have sufficient signal-to-noise to distinguish an extended source structure from multiple compact components separated by less than the beam size. When we fit a dual point-source model to the visibility data, both sources -especially AzTEC8 -yield statistically significant ( > ∼ 2σ) measurements for the implied sub-component flux densities and separations (see Table 3 ). Therefore, while the visibility functions are consistent with an extended source structure, the data could also indicate a multi-component source structure produced by either more compact starbursts or Compton-thick AGN. However, the sizes listed in Table 2 can be thought of as upper limits on the physical scale of the starburst in these objects, and therefore still argue against an extended star-forming disk. Carilli et al. (2010) have argued -using the specific case of GN20 (see also Pope et al. 2006; Younger et al. 2008b )-that such a multi-component source structure, particular one that appears circularly supported with significant extra-nuclear star formation is inconsistent with a major merger; rather, they they find that it is indicative of clumpy star formation owing to local instabilities in turbulent, high-redshift disks (Elmegreen et al. 2008) . This is, however, not the case. First, both hydrodynamical simulations (Ceverino et al. 2010 ) and analytic arguments (Dekel et al. 2009) indicate that this mode of star formation is steady-state, while the specific star formation rate (SSFR) of GN20, for example, is ≈ 10−30 Gyr −1 ); a long duty cycle at this high a SSFR is unphysical, and furthermore is inconsistent with coldmode accretion rates from cosmological simulations (Kereš et al. 2009b,a) . Second, significant non-nuclear CO emission is not inconsistent with the merger scenario, particular one involving more than two participating galaxies (though admittedly a more extreme case, see e.g. Narayanan et al. 2006) . Finally, should the clumps appear to exhibit disky kinematics, this would also be consistent with such a gas-rich merger; hydrodynamical simulations have shown that disky gas kinematics are generically conserved when the progenitors are extremely gas-rich (Robertson et al. 2004; Hopkins et al. 2009 ).
CONCLUSION
We present high-resolution interferometric observations of two SMGs in the COSMOS field -AzTEC4 and AzTEC8 -performed with the SMA at 345 GHz. The targets, two of the most luminous SMGs known, were previously detected as compact sources with the SMA at the same frequency in its COM configuration (beam size ≈ 2.7 × 2.2 arcsec: Younger et al. 2007 Younger et al. , 2009b ). These new observations, which offer a factor of > ∼ 3 improvement in resolution, allow us to measure the angular size of the two targets. The visibility functions show significant evidence of structure on angular scales of ≈ 0.5 − 1 arcsec, in agreement with the sizes of two comparable objects measured by the SMA (Younger et al. 2008b) , as well as radio continuum Biggs & Ivison 2008; Momjian et al. 2010) and CO (Neri et al. 2003; Tacconi et al. 2006 Tacconi et al. , 2008 Bothwell et al. 2010) imaging. Owing to the weak scaling of angular diameter distance with redshift for z > ∼ 1.5, we can convert this angular scale to physical units and find that the far-IR in these SMGs is extended over ∼few× kpc. This provides evidence in favor of a merger-driven scenario for forming SMGs (Narayanan et al. 2009a (Narayanan et al. , 2010 , rather than extended gas-rich disks (Davé et al. 2009; Ivison et al. 2009a) . For the most luminous objects, the derived sizes may also have important physical consequences; as with two comparable objects studied by Younger et al. (2008b) , under a series of simplifying assumptions the two targets in this study are forming stars at or near the Eddington limit for a starburst Thompson et al. 2005) .
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